Background/Aim: The North African and Middle Eastern region has high illiteracy rates among older people, making direct cognitive testing challenging. Validated screening instruments for dementia in Arabic are lacking. We aimed to validate the Arabic version of the 16-item Informant Questionnaire on Cognitive Decline for the Elderly (A-IQCODE 16) for screening for dementia through an informant. Methods: 236 Lebanese participants older than 65 years, 143 with normal cognition and 93 with mild-to-moderate dementia according to the DSM-IV criteria, and their informants were recruited. Half of the participants had no formal education. Interviewers blinded to the cognitive status of the participants administered the A-IQCODE 16 to the informants. The ability of the A-IQCODE 16 to screen for dementia was evaluated against the DSM-IV diagnoses. Results: The A-IQCODE 16 had excellent overall predictive power (area under the receiver operator characteristic curve = 0.96). A cutoff point of >3.34 yielded the best sensitivity (92.5%) and specificity (94.4%) for dementia screening. At this cutoff point, the discriminatory ability of the A-IQCODE 16 was comparable between participants with and those without formal education. Conclusion: The A-IQCODE 16 is not biased by education and is therefore useful as a brief screening tool for dementia among Arabic-speaking older adults with low education.
Introduction
As its population is rapidly aging at an unprecedented rate [1] , North Africa and the Middle Eastern region [also called by the World Health Organization the 'Eastern Mediterranean Region' (EMR)] ranks second in the world regarding the rate at which the number of people with dementia is expected to increase, i.e. 1.2 million people in 2010 rising to 2.6 million in 2030 and 6.2 million in 2050, an increase of 125% by 2030 and 438% by 2050 [2] . Therefore, timely diagnosis and interventions for people with dementia as well as psychosocial support for their caregivers are becoming increasingly important in this region.
An accurate diagnosis is required prior to any intervention, and cognitive assessment is key to the diagnostic process for dementia. The high rate of illiteracy among older people in the EMR renders cognitive assessment very challenging, since commonly used cognitive screening tests, such as the Mini-Mental State Examination (MMSE) or the Montreal Cognitive Assessment (MoCA) [3, 4] , require reading, writing, and arithmetic skills. It has been shown that low education and illiteracy have a significant impact on most neuropsychological tests across a wide range of cognitive domains, making it difficult to interpret the test results [5] . The great challenge of direct cognitive testing of illiterate older people underlines the importance of indirect cognitive assessment through interviews with a knowledgeable informant.
The Informant Questionnaire on Cognitive Decline for the Elderly (IQCODE) is a brief screening assessment for dementia based on an interview with an informant, usually a family caregiver [6] . It has been well validated in different languages, cultures, and populations with low education, showing psychometric properties comparable to those of the commonly used MMSE [7] . As a screening tool for dementia in community and clinical settings, the IQCODE correlates well with several commonly used cognitive tests [8, 9] . It has a high reliability and is a good measure of general cognitive decline [10] [11] [12] . It is not affected by premorbid intelligence or education and therefore useful as a complementary screening tool for dementia among older people with limited education [12, 13] .
A short form of the IQCODE, containing 16 items, was subsequently developed, which highly correlated with the original version and possessed comparable validity [14] . The aims of this study were therefore to evaluate the ability of the Arabic version of the 16-item IQCODE (A-IQCODE 16) to screen for dementia in an Arabic-speaking study population with a high prevalence of illiteracy. It was part of a validation study of three cognitive assessments in Arabic using the same study population: (a) the 10/66 Dementia Research Group diagnostic assessment [15] , (b) the Rowland Universal Dementia Assessment Scale (RUDAS) [16] , and (c) the A-IQCODE 16.
Methods

Instrument
The IQCODE was developed in 1989 and comprises 26 questions [6] . From the original version, the short 16-item IQCODE version was developed in 1994 [14] . Its performance is essentially identical to that of the original version [14] . The validity of the short IQCODE as a screening instrument for dementia was subsequently confirmed in other studies, with sensitivity ranging from 79 to 100% and specificity from 68 to 100% [13, 17, 18] . The IQCODE requires an informant who has known the older individual in question for at least 10 years to respond to the questions. This 10-year time frame was conveniently chosen based on the rationale that the survival period after dementia onset usually does not exceed 10 years [19] . However, other studies found that using a 5-year time frame did not affect the validity of the IQCODE [20, 21] . In our study, the informants had to have observed the cognitive status of the study population over a period of at least 1 year, since establishing cognitive decline over 1 year is sufficient to diagnose dementia. The International Classification of Diseases 10th revision (ICD-10) criteria for dementia only require the observation of cognitive decline over a minimum period of 6 months [22] . For the short IQCODE to be valid, a maximum of 2 items are allowed to be missing [19] .
The informant rates the changes in cognitive functioning of the participant over the time period of 1 year or more. Each question of the IQCODE is rated on a 5-point scale from 1 ('much improved') to 5 ('much worse'), with 3 representing 'no change'. The sum of scores is averaged over the 16 items to give a score of 1-5. Higher scores indicate greater impairment. The cutoff scores for cognitive impairment defined in previous studies ranged from 3.38 to 3.53 [13, 14, 17, 18] .
Translation
The A-IQOCDE 16 was translated from English into Arabic without any need for modification. Subsequently, it was independently back-translated into English and compared with the original English version to verify the quality of the translation. Then, meetings were held with elderly community representatives, physicians, interviewers (research workers), and epidemiologists to discuss the conceptual validity of the A-IQCODE 16 in Lebanese cultural and linguistic contexts. The translated A-IQOCDE 16 was then pilot tested under field conditions on 10 individuals in order to assess the relevance and acceptability of the questions. A sample size of 10 was sufficient to assess whether the questions were acceptable, understandable, and answerable to the informants. The individuals were persons older than 65 years who frequented the social organizations for the elderly and volunteered to take part in the pilot test. They were assessed by physicians from the research team, who clinically diagnosed 1 participant with mild dementia (DSM-IV criteria). The A-IQCODE 16 was well tolerated and answered by the informants of these individuals. There was no need for further modification.
The Arabic version of the 10/66 DRG Diagnostic Instrument for Dementia is available upon request either to T.K.T. Phung at thien.phung @ mail.mcgill.ca or M. Chaaya at mchaaya @ aub.edu.lb. It will also be made available on the IQCODE website at http://crahw.anu.edu.au/risk-assessment-tools/informantquestionnaire-cognitive-decline-elderly (accessed June 6, 2015) .
Training
The interviewers, 3 neurology fellows, 1 geriatrics fellow, 1 family medicine resident, and 1 non-medical university graduate (Master of Public Health), were trained in administering the A-IQCODE 16.
Participants
The study population was recruited from social organizations for the elderly, hospital-based neurological and geriatric clinics, and community-based primary care clinics. The inclusion criteria were: (1) age 65 years and older; (2) having normal cognition (controls) or mild-to-moderate dementia (cases), and (3) having a knowledgeable informant who is able to give an independent assessment of the elderly participant's health and cognitive status. The exclusion criteria were: (1) a severe somatic (such as severe chronic obstructive pulmonary disease, heart failure, or end-stage renal failure) or psychiatric illness (such as severe depression or psychosis), since the diagnosis of dementia could not have been ascertained without an extensive medical workup and neuropsychological testing, and (2) clinically suspected mild cognitive impairment (MCI) according to the core clinical criteria for MCI by the National Institute on Aging-Alzheimer's Association workgroups [23] . Dementia diagnoses for the study population were established by clinicians according to the DSM-IV [24] . Dementia severity was rated using the Clinical Dementia Rating (CDR) scale [25] . Mental status was assessed with the Geriatric Mental State (GMS) [26] , and depression was diagnosed using GMS/AGECAT stage 1 output, which has a sensitivity of 90% for diagnosing depression among older people with and without dementia in developing countries [27] .
Subjects with dementia were recruited via two ways: (1) by prior service contact (neurologists and geriatricians referred the cases they diagnosed as MCI and dementia) and (2) by snowball sampling (community health workers from primary care clinics and lay staff from social organizations identified individuals with cognitive problems).
Following a predefined protocol, independent physicians confirmed the dementia diagnoses according to the DSM-IV criteria and rated dementia severity according to the CDR (Appendix 1) [24, 25] . For the cases identified by prior service contact, the independent physicians performed a neurological examination and reviewed the case notes to complete a standard assessment which included any history of dementia illness, mental state examination, cognitive tests, physical examination including vital signs, and relevant paraclinical investigations (such as complete blood count, electrolytes, serum glucose, renal function tests, thyroid function tests, liver function tests, CT scans of the brain, and any other relevant measures). If the clinical information from the case notes was insufficient, the independent physicians from the research team, in consensus with the referring specialists from the clinics, carried out bedside cognitive assessments (MMSE) of the study population and interviewed the study population and their informants, inquiring into problems with cognitive, social, and occupational function, any history of cognitive symptoms (onset and course), and any family history. The independent physicians diagnosed dementia according to the DSM-IV diagnostic criteria for dementia based on the synthesis of all the clinical information from the patients and the informants through their clinical assessments.
For the cases identified through snowball sampling, the independent physicians (neurology fellows) carried out the same standard assessments according to the protocol described above. They performed neurological examinations, carried out cognitive testing (MMSE), and interviewed the study population and their informants, but they could not carry out any paraclinical investigations due to the lack of resources. These patients resided in the community.
The criteria that separated MCI and dementia are those defined by the National Institute on AgingAlzheimer's Association workgroups [23] : (1) there is evidence of concern about a change in cognition; (2) impairment in one or more cognitive domains (such as memory, executive function, attention, language, and visuospatial skills) that is greater than would be expected from the patient's age and educational background; (3) preservation of independence of functional abilities in daily life, requiring minimal aids or assistance, and (4) not demented (the cognitive changes should be sufficiently mild that there is no evidence of a significant impairment in social or occupational functioning).
Validated cognitive tests in Arabic were lacking at the time of the study. The MMSE and the MoCA have been translated into Arabic and validated [28, 29] . As expected, the MMSE was shown to be educationally biased [29] , but it is still the most commonly used cognitive test in the clinical setting and in research. The MoCA has not been validated in Arabic among illiterate older individuals [28] . At the time of our study, the MoCA was being validated in the Lebanese population. Since the MMSE cannot adequately assess cognitive deficits in MCI, trained neuropsychologists were not available, and we did not have the financial resources to carry out supplementary assessments such as biomarker testing and neuroimaging, we had to exclude patients with clinically suspected MCI from the study.
The control group was nominated by the participating social organizations and clinics, e.g. the physicians at the clinics and lay staff from the social organizations nominated individuals they believed to have normal cognition to be controls. There was a risk of misclassification, meaning that some very mild cases of dementia could be misclassified as normal cognition. With regard to the neurological and geriatric clinics, the risk was negligible, since the controls were identified by specialists who had been seeing the individuals as their patients over a long period of time for noncognitive conditions. As for the community-based social organizations, the risk of misclassification should have been lower than the population prevalence of dementia estimated for the EMR (<6%) [2] .
The informants were identified as the persons who were most involved in the care of the older individuals in the study population or most knowledgeable about the mental and health status of the latter through regular contacts over a time period of at least 1 year. The informants could therefore be lay persons (relatives, friends, or social workers) or health professionals (nurses or physiotherapists). For the older participants living in the community, the informants were mainly family caregivers, and in the nursing homes, it was mainly the nurses in charge of the older participants who were the informants. The interviewers were blinded to the cognitive status of the participants while administering the A-IQOCDE 16 to the informants. Data collection was completed between March 2012 and February 2013.
Ethics
The Institutional Review Board of the American University of Beirut, Lebanon, approved the study. All participants gave written informed consent, or their relatives gave consent on behalf of the older individuals with impaired decision making capacity. In subjects with dementia, decision making capacity was assessed through a checklist to ensure they completely comprehended the nature of the study and their rights were protected. Immediately after the consent procedure, a post-consent quiz containing 17 questions assessing comprehension (yes/no and short answers; maximum possible score = 17) was read aloud to the study population by the interviewer. The questions inquired about the illness being studied, the procedure, potential risks and benefits, voluntariness, the possibility of withdrawal, confidentiality, and who to contact for further questions or complaints. The correct answers were scored in the scoring sheet provided (Appendix 2). In case of wrong answers, educational procedures (repetition and more detailed explanations of items that the participants had difficulty understanding) were carried out by the interviewer, and the number of questions answered correctly on subsequent trials would be added to the previous scores. The participant had a maximum of 3 attempts. The total score had to be 17 (100% correct). This procedure has been used by Dunn et al. [30] and Wirshing et al. [31] . Informed consent and decision making capacity assessments were carried out by an independent research worker.
Statistical Analysis
The overall predictive ability of the A-IQCODE 16 was evaluated as the area under the receiver operating characteristic curve (AUROC; sensitivity plotted against 1 -specificity). The AUROC was used to choose the cutoff point with the best sensitivity and specificity for the A-IQCODE 16. At the chosen cutoff point, the following parameters were estimated for the A-IQCODE 16 against a clinician's dementia diagnosis: sensitivity, specificity, positive predictive value, negative predictive value, and Youden's index [(sensitivity + specificity) -1], which summarized sensitivity and specificity in a single measure at the chosen cut points. A sensitivity analysis stratified by type of residence (community vs. nursing home) and informant (lay person vs. health professional) was carried out to assess the performance of the A-IQCODE 16 in different settings. Pearson's χ 2 test was used to compare proportions, together with Fisher's two-tailed exact test when there were cells with a frequency <5. Student's t test and one-way ANOVA were used to compare means between groups to determine whether gender, education (no formal vs. formal education), type of informant (lay person vs. health professional), type of relationship (spouse, child, other relative, friend/social worker, and health professional), and the presence of depression affect the A-IQCODE 16 score. The 'no formal education' group included people who were illiterate or could barely read and write. The 'formal education' group included those with primary education and above. Spearman's correlation was used to determine if there was any association between age and A-IQCODE 16 score. The mean A-IQCODE 16 score was reported with standard deviation (±SD). An α level of 5% was used to indicate statistical significance. Data were analyzed using SPSS 19.
Results
The social organizations and clinics referred 318 individuals older than 65 years; 37 subjects were excluded according to the predefined criteria, 8 could not be contacted, and 29 refused to participate ( fig. 1 ). The response rate was 88.4%. Thus, 244 older individuals were recruited and their informants identified. Those who refused to participate or did not respond were mainly from the hospital-based private neurology clinics and therefore most likely belonged to a socioeconomically advantaged group. In all, 241 subjects or 98.8% of the study population were recruited from the social organizations, community-based primary care clinics, and hospital-based geriatric clinics, which are charity organizations, providing free food, medicine, and social and medical services for older people. These places of recruitment reflect a diversity of socioeconomic statuses, mainly from low to medium.
All 16 questions were answered for 229 individuals (93.9%) of the study population. Five (2%) missed 1 answer, 2 (0.8%) missed 2 answers, and 8 (3.3%) missed >2 answers (range 3-8 answers). Of the 8 subjects who were excluded from the analysis because their A-IQCODE 16 had >2 answers missing ( fig. 1 ), 7 individuals had dementia, 7 resided in nursing homes, and 5 had lay informants. The questions that the informants most commonly failed to answer were about 'learning how to operate a new gadget/machine in the house' (3.3%), 'learning new things in general' (2.8%), 'handling financial matters' (2.8%), and 'handling everyday arithmetic problems' (3.2%). The informants found the questions inapplicable as the older individuals in question were usually not asked to undertake these tasks during their daily life.
Of the 236 individuals of the study population whose data were analyzed, 50.0% had no formal education (were illiterate or could barely read and write); 19.1% had completed primary education (grades 1-5), 13.2% intermediate education (grades 6-9), 10.6% secondary school (grades 10-12), and 6.8% university. The informants for the subjects of the study population living in the community were mainly relatives (spouses: 24.9%; children:
49.7%; other relatives: 8.5%; friends/neighbors: 7.2%; social workers: 8.5%; nurses: 1.3%). The informants in the nursing homes were mainly health professionals (nurses and physiotherapists: 77.1%; social workers: 7.2%; children: 8.4%; other relatives: 6.0%; friends: 1.2%). There was no statistically significant difference in the proportions of lay (relatives, friends, social workers) and health professional informants (nurses, physiotherapists) between cases and controls ( table 1 ). Gender was equally distributed among cases and controls. Half of the study population had depression according to AGECAT stage 1 output; the proportions of individuals in the study population with depression were equally distributed among cases and controls. The cases were significantly older than the controls, and a significantly higher proportion of cases had no formal education. Most controls resided in the community ( table 1 ) . Fifty individuals of the study population had mild dementia, and 43 had moderate dementia. There was no statistically significant difference between the distribution of mild and moderate dementia among cases recruited from the community and the distribution among cases recruited from the nursing homes (p = 0.193).
The A-IQCODE 16 items showed a high level of internal consistency, with Cronbach's α of 0.97. A principle component factor analysis showed that one strong general factor accounted for 72% of the common variance. Since homogeneity of variances was violated (Levene's test of homogeneity of variance, p < 0.005), Welch ANOVA and the Games-Howell post hoc test were used to test for differences in mean A-IQCODE 16 scores between participants with normal cognition, those with mild dementia, and those with moderate dementia. The mean A-IQCODE 16 scores were statistically significantly different between these three groups (p < 0.0005). The mean A-IQCODE 16 score increased from the normal cognition group (3.06 ± 0.31) to the mild dementia group (3.84 ± 0.50) and the moderate dementia group (4.49 ± 0.51), in that order. The Games-Howell post hoc analysis revealed that the increase in mean A-IQCODE 16 score from normal cognition to mild dementia (0.78; 95% CI: 0.60-0.96) was statistically significant (p < 0.0005), as was the increase from mild dementia to moderate dementia (0.64; 95% CI: 0.39-0.89, p = <0.0005). Using the subset of controls, Student's t test did not show any statistically significant differences in mean A-IQCODE 16 scores between men and women (p = 0.863), between those with no formal education and those with formal education (p = 0.202), and between lay informants and health professional informants (p = 0.734). There was a trend that the mean scores of controls with depression were slightly Values are presented as n (%) or the mean ± SD.
higher than the mean scores of those without depression (depressed: 3.11 ± 0.20; not depressed: 3.02 ± 0.40; p = 0.07). There was no significant correlation between age and A-IQCODE 16 score (r s = 0.109, p = 0.193). A separate one-way ANOVA for cases and controls showed no significant association between type of relationship (spouse, child, other relative, friend/social worker, and health professional) and mean A-IQCODE 16 score either for controls (p = 0.222) or cases (p = 0.905). Tukey's post hoc comparisons showed no significant difference in A-IQCODE 16 mean scores in pairwise comparison across the five types of relationship. A-IQCODE 16 showed an excellent overall predictive power regarding dementia, with an AUROC of 0.96 (95% CI: 0.94-0.99; fig. 2 ). The performance of the A-IQCODE 16 at different cutoff points is presented in table 2 . The cutoff point with the best balance between sensitivity and specificity was >3.34.
At the cutoff point of >3.34, a sensitivity analysis stratified by type of informant (lay person vs. health professional) showed that the A-IQCODE 16 had excellent overall predictive power regarding dementia when administered to both types of informant, as illustrated by the AUROC ( table 3 ) . At the chosen cutoff point of >3.34, which was still the cutoff point with the best balance of sensitivity and specificity for both groups of informants, there was no significant difference in sensitivity, specificity, positive predictive value, and false positive rate for people with depression when the A-IQCODE 16 was administered to these two different types of informant. The false positive rate among people with depression calculated the proportion of individuals in the study population who had normal cognition and who were depressed and were incorrectly screened as having dementia by the A-IQCODE 16 at the cutoff point of >3.34. Similarly, the sensitivity analysis stratified by type of residence showed that the discriminatory ability of the A-IQCODE 16 in these two types of setting was comparable. Furthermore, education did not significantly affect the psychometric properties of the A-IQCODE 16 at this cutoff point ( table 3 ) . 
Discussion
In this study population of Arabic-speaking older participants, half of whom had no formal education, the A-IQCODE 16 demonstrated excellent psychometric properties to screen for dementia in the community as well as in nursing homes. The strength of this study was the standardized translation process, training and supervision of interviewers, and case ascertainment. Clinicians from teaching hospitals in Lebanon established dementia diagnosis and rated dementia severity using well-validated clinical criteria.
The study also has some weaknesses. Due to resource constraints, in-depth neuropsychological assessments and paraclinical investigations to investigate clinically suspected MCI cases and cases with severe somatic and psychiatric disorders were not available. This could have led to a spectrum bias. Severe somatic and psychiatric cases were mostly found in the nursing homes, whereas MCI cases mostly had their residence in the community. This, together with the inclusion of participants from a long-term care setting (where the prevalence of dementia was higher and the informants were mostly health professionals) and the use of highly trained physicians as interviewers, could have led to an overestimation of the screening ability of the A-IQCODE 16. On the other hand, the snowball sampling approach used in the social organizations and community-based primary care clinics could have led to a misclassification of people with mild dementia as controls. The staff at these organizations could have missed cognitive symptoms in some people and, thus, did not nominate them for clinical assessment. This nondifferential misclassification could have led to an underestimation of the screening ability of the A-IQCODE 16. However, the problem of overestimation clearly outweighed the issue of underestimation in this study. Since the interviewers in the study were mainly physicians -as well as one university graduate (Master of Public Health) -who underwent rigorous training and were closely supervised throughout their fieldwork, equally excellent results may not be found under less optimal conditions. Due to the same resource constraints, we could not determine any subtypes. The etiologies were diverse, most likely following the same breakdown of subtypes in clinical or community samples, with Alzheimer's disease being the most common, followed by vascular dementia and mixed Alzheimer's disease/vascular dementia.
Consistent with results from previous studies, the A-IQCODE 16 possessed a high level of internal consistency and measured a single general factor of cognitive decline [10] [11] [12] . It could effectively discriminate between normal cognition, mild dementia, and moderate dementia. Its scores were not affected by gender, age, or education. The cutoff point with the best balance of sensitivity and specificity was >3.34, even when the sensitivity analysis was stratified by type of informant (lay person vs. health professional). The sensitivity analysis stratified by type of informant and residence showed that the A-IQCODE 16 demonstrated very good psychometric properties when administered to both lay informants and health professionals, and when used in the community or in an institution. It is therefore a valid screening test for dementia in the community and in institutions ( table 3 ) .
Previous studies showed that depression was positively correlated with IQCODE score, probably because the informants had trouble distinguishing anxiety and depression from cognitive decline [10, 14] . The presence of depression tended to increase the A-IQCODE 16 score (p = 0.07) in our study, though not statistically significantly.
The type of relationship (spouse, child, other relative, friend/social worker, or health professional) did not affect the A-IQCODE 16 mean scores among cases and controls in this study. The same finding was reported in another study [12] . Previous studies have demonstrated positive correlations between A-IQCODE 16 score and informant characteristics such as informant anxiety, depression, and poor quality of the relationship with the older participant [8, 17] , but our study was not designed to address this question.
As mentioned in the Introduction, we also validated the RUDAS, a brief cognitive test to screen for dementia, in the same patient population. We demonstrated that it possessed good psychometric properties (sensitivity: 83%; specificity: 85%) to screen for dementia among older individuals with low education [16] . Although the RUDAS was designed to minimize the effect of culture and education, the items testing praxis and visuoconstruction (drawing a cube) proved to be very difficult for illiterate older people with normal cognition. The consensus today is that patient-and informant-based data should be combined to enhance screening and diagnostic accuracy. In Australia, the IQCODE has been combined with the MMSE to improve screening accuracy [32] . In Switzerland, a very brief instrument called 'BrainCheck' to optimize case finding for general practitioners has recently been developed, using a shorter version of the IQCODE (7 items) combined with patients' subjective impairment and cognitive testing (clock drawing test) [33] . Following the same rationale, when screening In case of inadequate scoring after each attempt, educational procedures (repetition and more detailed explanations of items that the participants have difficulty in understanding) will be carried out by the interviewer to achieve the desired score. The participant has a maximum of three attempts. The total score has to be 100% correct.
Post-consent quiz Correct answer Score
What is the illness being studied? Dem entia No, publications and presentation of data will be anonymous How can confidentiality be secured? Person-identifiable data will be kept safe in a secured place and destroyed after the required retention period (5 years)
Where can you find the number to call if you have any question?
In the informed consent form
Where can you find the number to call if you have any complaints about your right as a participant?
Total scores
First attempt Second attempt Third attempt Score 1 for each correct answer (total 17).
